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Protozoology has been seriously hindered within recent years by a 
paucity of technical methods for obtaining pure cultures.  The present 
work had its inception in attempts to grow and purify certain parasitic 
protozoa found in the alimentary tract of insects.  However, because 
conditions appeared simpler with the free-living protozoa, these have 
been largely used. 
It is known that certain trypanosomes, species of Leiskmania and their related 
insect flagellates can be propagated in pure culture, and that bacteria when present 
may kill the protozoa  by their toxic products.  Bacteria outgrow and destroy 
many intestinal protozoa, that have so far resisted purification,  and cultures can 
be maintained only by transferring every 2 or 3 days.  It is generally agreed that 
bacteria are essential for some of the free-living, coprozoic and intestinal protozoa 
as food supply.  Cutler and Crump (I) stated that Colpidium cultures containing 
few bacteria showed low rates of division and manifested definite signs of nutri- 
tionai deficiency, whereas cultures with numerous bacteria appeared normal and 
had a very high division  rate. 
Because workers have found it  impossible  to  free  most protozoa from bacteria 
or to  propagate them after  they  were free,  some of  their  attempts have been con- 
fined  to inhibiting  the bacterial  flora. Euglena gracilis  tolerates  an amount of 
citric  acid  which inhibits  bacterial  growth,  This fact  was used to advantage by 
Zumstein (2).  Barret and  Yarbrough (3)  were able  to  inhibit  bacteria  in  cultures 
of  Balantidium coil  by  transferring  the  protozoa to  sterile  media every second  day. 
Amster (4)  showed that bacterial  growth was suppressed in  cultures  of  Balantio- 
pkorus species?  by using  a dilute  peptone solution  at  pH 6.8  and maintaining cul- 
tures  at  22  °  to  25°C.  Since  egg  albumen is  known to  possess  bactericidal  proper- 
ties,  Tanabe (5)  incorporated  it  in  media used  for  protozoa cultures.  Kofoid and 
Johnston (6)  have  recently  used  dyes  in  combination  with  an  egg  albumen medium 
to rid cultures of Endameba gingivalis of many harmful bacteria. 
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Other investigators strove towards pure cultures and in a few cases were success- 
ful.  Plating methods proved disappointing, because most protozoa do not colon- 
ize on solid media, and when colonies are formed bacteria are frequently included in 
them.  However, some species of Euglena do colonize on solid media, and these 
have been isolated from such colonies and grown in the pure state  (Pringsheim, 
Mainx  (7)).  Pure cultivations from single cell isolations of Euglena have also 
been reported by Ternetz (8) ; and Barber's cell isolation technique was success- 
fully used by Noguchi (9) to obtain pure cultures of certain Herpetomonads para- 
sitic in insects. 
Animal  inoculations  to  free  protozoa from bacteria  have  been  rarely  used. 
tterpetomonas muscae-domesticae was freed by inoculating dilutions of the alimen- 
tary tract  contents  of parasitized house flies into the peritoneum  of silkworms 
(Bombyx mori).  Blood from some of the surviving silkworms was inoculated into 
media and yielded pure cultures of the protozoan (Glaser (10)). 
Several methods for washing protozoa free from bacteria have been described 
(Ogata,  NSller,  Parpart  and Cleveland  (11)).  Parpart  succeeded in obtaining 
bacteria-free Paramecia, and Cleveland obtained large numbers of sterile Trilri- 
chomonasfecalls, but the cleansed protozoa did not grow in sterile media.  N(iller, 
on the other hand, was not only successful in freeing Trypanosoma melophagium, 
parasitic in the gut of Melophagus ovinus, from bacteria,  but he obtained pure 
cultures of the protozoan. 
Ogata's technique, devised in 1893, was unknown to us until the completion of 
our work.  It corresponds to one of the methods devised by us, and because of 
neglect, deserves reemphasis.  Ogata filled sterile capillary tubes, of 0.3 to 0.5 ram. 
bore and 10 to 20 cm. long, by capillarity, with a sterile medium to within 1 to 2 
:m. of the end.  He then inserted them into a contaminated culture of the free- 
living ciliate Polytoma uvella and allowed them  to fill  completely,  without  air 
bubbles between the layers.  Both ends were next sealed by heat.  Within 5 to 
30 minutes some of the ciliates were found within the sterile portion of the medium, 
having carried no bacteria with them.  The upper parts of the tubes were broken 
and media inoculated.  The cultures were held at room temperature,  and in 7 to 
8 days pure growths of the ciliate developed. 
Methods 
With  free~living~  coprozoic and  intestinal  protozoa  all  work  must 
be  initiated  with  contaminated  cultures.  It  is  advantageous  to 
inhibit  the  bacterial  growth.  The  present  writers  obtained  good 
results by using dilute media low in proteins. 
Ordinary hay infusion was sometimes used, but a medium which more consis- 
tently gave excellent  results was prepared as follows: Approximately 50 gin. of 
timothy hay was cut into fine pieces and  1000 cc. of hot water poured over it. 
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per cent horse serum added to it.  After autoclaving, it was cleared with  10 gm. 
of Merck's unscented,  white talcum powder, filtered through  paper and again 
autoclaved.  This constituted the stock solution, 20 cc. of which was diluted with 
100 cc. of tap water, distributed in I0 or i2 cc. amounts and autoclaved, when 
needed.  The final solution usually gave a neutral reaction; but ff not, it was ad- 
justed to pH 7.0.  It may be designated as "basic medium."  When a solid me- 
dium was required, 1.5 to 2 per cent agar was added, and for fermentation tests 1 
per cent of various carbohydrates. 
A  dilute nutrient bouillon, consisting of 20 co. of standard bouillon to 100 cc. 
of tap water, was also found favorable to some protozoa.  Yet another medium, 
known as "hay infusion horse blood agar," consisted of basic agar medium plus 10 
per cent horse blood.  Noguchi's semisolid Leptospira  medium was employed in a 
modified form.  This was prepared by adding 2 per cent agar to the basic medium, 
after which 100 cc. of the mixture was added to 900 cc. of tap water.  The com- 
pleted medium was distributed in 10 or 12 cc. amounts and autoclaved. 
Vegetable media were frequently used to advantage.  Potato, carrot, or mangle 
beet water was prepared by cutting out pieces (wt. 2 gin.) of the vegetables with a 
cork borer, distributing them in tubes containing 10 co. of tap water and autoclav- 
ing.  For media, 2 cc. of the  vegetable water was added to 10 cc. of sterile tap 
water.  Raw potatoes were  also employed.  They were first scrubbed with hot 
tap water, then partially dried by heat, and an area was washed thoroughly with 
70 per cent alcohol and flamed until the surface was charred, after which cylinders 
were cut out with a sterile No. 5 cork borer and placed in sterile petri dishes to be 
cut into pieces ½ inch in length.  One piece was placed in each  of a  number of 
sterile tubes, containing 12 cc. of sterile tap water. 
Low temperature is an important factor in inhibiting the growth of many bac- 
teria.  Most of our initial  protozoa cultures were held at room temperatures which 
fluctuated throughout the year between 22  ° to 29°C. 
The Separation of Flagellates or Ciliates from One Another b~y Dilution 
Sometimes more than  one species of protozoan developed from the 
original  inoculum.  When  this  occurred  the  following  procedure 
was  used. 
Cultures of a mixture of species were inoculated into hay infusion or another 
medium and held at room temperature.  After a few days, when a  good mixed 
growth had been obtained, separation was undertaken.  A series of drops of sterile 
water were placed on a glass slide, and a standard platinum loopful of the culture 
was added to the first of them and mixed.  From it a loopful was carried over to 
the second drop of water, mixed, and a loopful from the second drop carried into 
the third drop.  Such transfers were continued through six to eight drops or more. 
Each was examined microscopically  with a low power objective until one was found 
which contained only a single protozoan cell.  This drop was then drawn up into 
a fine pipette, inoculated into a medium and incubated at room temperature. 790  PURE CULTURE O~  PROTOZOA 
Use of the "Migration Reaction" 
It was found that  all  of  the  protozoa here  discussed  were  either 
positively or negatively geotropic, the majority being negatively so. 
For the pipette procedure sterile glass tubes were employed,  14 or more inches 
long with a [ inch bore and a fine tapering point.  The larger ends were plugged 
with cotton and the tapering points rapidly flamed after removing the pipette from 
its sterile container.  They were filled with sterile water to within about 2 inches 
of the top by applying suction through a rubber tube temporarily attached to the 
cotton-plugged end.  About 2  cc.  of the  contaminated protozoan culture  was 
sucked up into the pipette and formed a layer beneath the water.  The tapering 
end was then sealed by heat.  Care was taken throughout not to introduce air 
bubbles since they carried bacteria to the top of the water.  A small sterile  test 
tube was inverted over the cotton plugged end of the pipette and with sealed end 
down it was placed in a test tube rack (Fig. 1). 
Many protozoa exhibited negative geotropism and usually after 5 or l0 minutes 
were found swimming near the surface of the water.  With large forms the migra- 
tion upwards could be observed  with a hand lens, but with small species it was 
necessary to remove samples occasionally from the surface for microscopic search. 
In such cases it proved more convenient  to invert small sterile test tubes over the 
open ends of the pipettes than to stopper them with cotton plugs.  Mter ½  hour 
many protozoa appeared at the surface.  By migrating through the long column 
of water they had washed  themselves  free of most other microorganisms.  To 
completely free them a second washing was usually necessary.  Sometimes  the 
protozoa were left in the first pipette for from 14 to 18 hours.  This longer sojourn 
often proved advantageous with forms that ingest bacteria or their spores since 
time was thus allowed for their evacuation. 
The second washing was effected by filling another sterile pipette with sterile 
water up to about 2 inches from the top and then drawing up about 2 inches of 
fluid from the surface of the first pipette.  Again the tapering end was sealed and 
the pipette placed in the rack.  Protozoa usually came to the surface within a few 
minutes to ½  hour, depending upon the species.  Following this second migration, 
media were ordinarily inoculated with a drop of the surface fluid.  A third wash- 
ing was occasionally  necessary. 
Tests showed that the  migration to the top of  the pipettes  was a genuine geo- 
tropic  reaction,  not heliotropic,  nor a positive  response to oxygen.  It occurred 
in  pipettes  held in  the  dark and in  those sealed  without any air  space at the top. 
The  protozoa did  not  float  up  for  they  were  heavier  than  water  and  could  be  readily 
centrifuged  to the bottom.  The factors  which effect  geotropism of  Paramecium 
were recently  investigated  by Dembowski (12). 
Occasionally "V" shaped tubes (Fig.  2) instead  of pipettes  were used for the 
purification  procedure.  One arm of  such a tube  measured 12 cm. in  length,  with 
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inner diameter of 8 mm.  This tube was sterilized and filled with 15 cc. of melted 
Noguchi's semisolid medium  modified with  the  basic  medium.  After partial 
solidification  of the medium, some material from contaminated cultures of the 
protozoa, 48 hours old, in basic medium, was inoculated into the "V" shaped tube. 
This was accomplished through a long fine capillary pipette introduced through 
the small arm into the large arm, the inoculum being placed in the bottom.  Great 
care was taken to prevent the formation of air bubbles.  The inoculated "V" tube 
was permitted to stand at room temperature for a length of time dependent upon 
the species of protozoan involved, and then samples from the surface of the medium 
in the large arm were taken.  This method was found better for a few species than 
the pipette technique, because it often yielded 25 or more protozoa per 0.1 cc. of 
medium and a larger percentage of bacteriologically sterile cultures. 
In concluding this section it may be noted that no protozoan culture 
after  incubation  was  pronounced  free  from  bacteria  unless  stained 
films,  aerobic  and  anaerobic  cultures  on  routine  laboratory  media, 
consistently  proved negative. 
Application of Methods 
Trichoda pura~ 
This ciliate ingests bacteria freely when in the contaminated state. 
It was obtained in ordinary hay infusion from stream water, together 
with Euglena, bacteria,  and other microorganisms. 
Trichoda was first separated from Euglena by the dilution method and then 
inoculated into the basic medium and incubated at room temperature for 48 hours 
or longer.  When a good culture had been obtained, the ciliate was purified from 
contaminating bacteria by washing twice in pipettes.  Each washing was effected 
in approximately ½  hour.  Table I shows the results obtained after 4 days incuba- 
tion in 10 tubes of basic medium inoculated with the surface migrants obtained 
from the second washing.  The inoculated tubes were held 10 days without yield- 
ing any further results. 
A pure culture of Trichoda  was obtained in Tubes 4 and 8; bacteria developed in 
Tube 3, and the other tubes remained sterile.  Bacterial sterility was checked 
culturally on standard media and by making stained films. 
To test the efficiency of the two washings a pure Trichoda  culture was purposely 
contaminated with a heavy suspension of a staphylococcus culture and incubated 
48 hours at room temperature.  The Trichoda were then washed twice and the 
surface migrants from each washing inoculated into 6  tubes of basic medium. 
1 We are indebted to Dr. David Causey for the identification of this species. 792  PURE  CULTURE  OF  PROTOZOA 
Table II shows that at least two washings were necessary.  It is also clear that 
Trichoda  developed more rapidly when  bacteria were present.  However,  once 
a bacteria-free culture had been initiated the protozoa developed well. 
Trichoda  pura  when  uncontaminated  grows  best  in  our  basic 
medium, the reaction of which it changes in 2 weeks from pH 7.0 to 
pH 6.6.  It also grows well in potato and carrot water.  Moderate 
growth is obtained in ordinary hay infusion, standard bouillon, and 
whey (1.5  cc. whey to 8 cc. H~O).  Trichoda does not grow on solid 
TABLE  I 
Culture No  .................................  1  2  3  4  5  5  7  8  9  I0 
Resul-----t  in4 da-----ys-T..T...__.....~...T.~ T  T  C-  T  T  T  T  T  T  0 
* 0 signifies sterility;  C bacterial contamination;  +  pure culture of protozoa. 
TABLE  II 
First washing 
Culture No  ..........................................  1  2  [  3  4  5  5 
Second washing 
_2_4 __5  ° 
Result in6days ..........................  I  +  I  +  [  +  ]  +  [  +  ]  + 
** +C signifies protozoa contaminated with bacteria. 
media, but good growths are obtained in  the condensation fluid of 
standard and blood agar slants.  The protozoan is an aerobe and on 
Noguchi's semisolid medium, modified with basic medium, growth oc- 
curs on the surface as a white cloud.  This semisolid medium is used 
for the maintenance of stock cultures since they persist longer in it 
than in other media.  It is advisable, however, to transplant once a 
month.  No growth of Trichoda occurs in milk.  Gelatin is completely 
liquefied in 12 days.  No gas is produced in sugar solutions, but dex- 
trose  and  mannose  are  fermented.  Incubator  temperatures kill R. W.  GLASER  AND  N. A. CORIA  793 
Trickoda.  No  true  cysts  have  been found in any of  the  cultures, 
although round or resting stages appear to occur. 
Undetermineg Large Ciliate 
By inoculating some pond water into basic medium  a  large ciliate 
was  obtained  in  24  hours,  which  resembles  some  of  the  species  of 
Balantidium.  In  contaminated  cultures  the  ciliate,  like  Trichoda, 
ingests bacteria freely.  Nevertheless it was easily purified. 
A  single  pipette  washing  proved  necessary,  because  migrants  reached  the 
top of the water column in 15 minutes, that is to say, long before bacteria.  0.1 cc. 
of this -~urface water yielded approximately 5 to 6 individuals.  40 per cent of all 
tubes of basic medium, inoculated with 0.1 cc. amounts of the water containing 
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the migrants, gave bacteria-free cultures.  The growth of this protozoan on other 
media was not tested.  It develops only at room temperature. 
Chilomonas paramecium 
This flagellate was obtained by inoculating hay infusion with pond 
water.  It does not ingest bacteria for food. 
The first pipette washing was effected in 30 minutes.  The surface migrants in 
the second washing were scarce after 30 minutes, so the pipette was held for 20 
hours, during which time the Ckilortwnad~ increased considerably at the surface, 
owing to migration and multiplication.  A third washing  was made from the 
second within 30 minutes.  Eight tubes of basic media were each inoculated with 
one drop from the surface of each washing.  The tubes were held for 72 hours and 
then discarded if no protozoa were observed microscopically.  After 5 to 6 days 794  PURE  CULTURE  OF  PROTOZOA 
Ckilomonads could be seen macroscopically.  When observed they appeared as a 
delicate surface growth with fine flocculations  which fell in straight lines to the 
bottom of the media when the tubes were disturbed. 
Cultures from the first washing yielded bacterial growths in the 8 tubes within 
24 hours, and Ckitomonas also appeared within 48 hours.  The same result was 
obtained from the second washing.  The results of the third washing  are given 
in Table III. 
Ckiloraonas was obtained in pure culture in tubes 1, S and 6.  It became visible 
24 hours earlier in contaminated than in pure cultures. 
Ckilomonas paramecium when pure grows best in basic medium and 
in  the  modified  semisolid  medium.  No  growth  was  obtained  in 
standard  or dilute  (I/5)  bouillon,  on  standard  or blood agar, or on 
hay infusion serum  agar  (solid basic medium).  The microorganism 
did not ferment carbohydrates.*  No  cysts were observed in any of 
the cultures.  Incubator temperatures destroyed this  species. 
Undetermined Flagellate of the Family Monadidae 
This microorganism  does not ingest bacteria.  The body is some- 
times round but ordinarily pear-shaped, measuring 9 to  13 #  long by 
6 to 11 t* wide.  No axostyle or fibre is present.  Division by binary 
fission occurs.  It possesses four active flagella at  anterior end, and 
forms cysts in old or unfavorable cultures.  The monad was obtained 
by inoculating basic medium with pieces of comminuted wood from 
the galleries of the white ant, Leucotermesflavipes. 
The flagellate  can be purified in either of two ways, owing to the fact that a 
migration in both directions begins within the pipettes in about 10 minutes.  One 
may wash as in the cases already described, or may fill the pipettes with sterile tap 
water and place about 0.1 cc. of a good mixed culture on top of the column.  It is 
best to take advantage within 30 minutes of the downward migration of some of 
the protozoa.  Thereafter a gradual reversal of the positive geotropism of some 
individuals occurs and all react negatively within 24 hours.  If the positive gee- 
tropism is utilized, two washings are made, consuming about 30 minutes each. 
At the conclusion of the first the end of the pipette is cut off and a drop or two of 
water containing the migrants is introduced into the top of the water column in 
another pipette.  At the conclusion of the second washing one or two drops of the 
water containing the bottom migrants are introduced into tubes of basic media. 
Table IV gives the cultural results obtained after two experiments involving 
utilization of the positive geotropism after the second washing. 
* Glucose, galactose, mannose, lactose, sucrose, maltose, mannite and raflfinose. R.  W.  GLASER AND  N.  A.  CORIA  795 
When negative geotropism is employed for the purification, four longer washlnt,  s 
are necessary, and it is advantageous to add about 0.5 cc. of the basic medium to 
the surface of the water.  This appears to exert a stimulating effect.  The first 
and second washings are permitted to stand approximately 48 hours, whereas the 
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Table V gives the cultural results, obtained after two experiments involving  the 
use of the negative geotropic reaction,  following the fourth washing.  By com- 
paring Tables IV and V it will be seen that both methods yielded good results;  but 
the use of the positive geotropic reaction was preferable because it consumed less 
time. 
The monad is destroyed by incubator temperatures.  When pure, 
a  delicate but  good growth is obtained in  basic medium within  5-6 
days at  room temperatures.  A  better  growth appears  if a  piece of 796  PURE CULTURE OF  PROTOZOA 
fresh guinea pig kidney is placed in the bottom of the tube.  Under 
these conditions a flocculent development occurs about an inch above 
the  tissue.  A  poor  growth  occurs  in  ordinary hay  infusion.  No 
colonies  are  formed  on  basic  medium  agar, although  development 
occurs in the condensation fluid.  A good growth occurs in Noguchi's 
TABLE V 
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modified semisolid medium.  A  moderate  growth  was  obtained  in 
potato, carrot and mangle beet water.  No growth occurs in standard 
bouillon, or on standard nutrient agar, blood agar, or dextrose blood 
agar.  The species does not produce gas nor does it ferment any of 
the  carbohydrates used2 
Glucose, galactose, mannose,  lactose, sucrose, maltose, mannite, raffinose. R. W. GLASER AND  N. A. CORIA  797 
Parypolytoma satura 
During the summer of 1928 this protozoan was  obtained from the 
alimentary tract  of  adult  house  flies  (Musca domestica).  On  one 
occasion the flagellate was found in 2 out of 20 flies, on another in 5 
out of 30.  At present the writers are  unable to  state whether the 
species is at times parasitic in house flies or constitutes a  free-living 
form occasionally swallowed with the food.  It is a  flagellate which 
does  not  ingest  bacteria  and  apparently forms no  cysts  in  old  or 
unfavorable cultures. 
Basic medium was inoculated with a drop of a saline solution containing the 
alimentary, tract contents in which were the flagellates.  Mter 4  days a mixed 
culture of bacteria and protozoa was obtained.  The flagellates were separated 
from the bacteria by permitting them to migrate once to the surface through a 
column of water.  Every half hour a loopful  from the surface was examined under 
the microscope.  In about 2 hours 2 to 3 flagellates  per field were counted at 100 
diameters magnification.  Small  amounts of the fluid (0.1 cc.) were now taken 
from the surface of the water with a capillary pipette and 10 tubes each of basic 
medium  inoculated with this amount.  The tubes were incubated at room tempera- 
ture for 5 to 6 days.  Mter this time pure delicate cultures of Parypolytoma were 
obtained in 3 tubes out of 10, while 3 others remained sterile and 4 contained 
bacteria as well as protozoa. 
The flagellate contaminated with bacteria grows very luxuriantly 
in the basic medium.  When pure, however, it yields in 5 days a deli- 
cate culture in this medium with approximately 10,000 to 15,000 indi- 
viduals per  cubic  centimeter.  Basic medium  to  which 5  per  cent 
laked horse  blood has  been  added  furnishes a  good growth of the 
flagellates in 5 days.  By the end of this time a fine flocculation has 
occurred throughout the medium with a  small amount of sediment. 
In 10 days the medium dears with the production of a  considerable 
sediment.  The flagellates when contaminated with bacteria do not 
colonize on solid media.  However, after purification and adaptation 
to  artificial  conditions  colonies  are  formed.  On  horse  blood  agar 
slants minute dewdrop  colonies develop in  3  days and a  flocculent 
growth also appears on the surface of the condensation fluid.  No- 
guchi's semisolid medium, modified  with 10 per cent horse serum, yields 
a delicate growth on the surface in 5 days.  In 10 days a diffuse growth 
occurs throughout this medium.  No growth develops in hay infusion, 798  PUILECULTURE  OF  PROTOZOA 
standard bouillon, or nutrient agar, although in the condensation fluid 
of the latter medium  a few active and many rounded resting or degen- 
erating forms are  found.  The protozoan does not  ferment glucose, 
galactose,  mannose,  lactose,  sucrose,  maltose,  mannite  or  raf~nose. 
Incubator  temperatures  inhibit  growth,  but  exposure  for  short 
periods of time does not kill the flagellates.  When held at tempera- 
tures of from 30  ° to 35°C. for 1 or 2 days,  and then removed to tem- 
peratures  ranging  between  22 °  to  28°C.,  the  protozoa  begin  again 
to grow. 
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A  New Flagellate from the Intestine of Lucilia caesar 
This  parasitic  flagellate  is  being  described  elsewhere  ~ as  a  new 
member of the family Monadldae.  In July,  1929, 6 out of 20, or 30 
per cent of the adults of Lucilia caesar  were found infected with it. 
It occurs in large numbers  in the intestines  of the flies and  ingests 
bacteria freely.  No cysts were observed in flies, nor later in cultures. 
In the contaminated state a good growth of the flagellate was readily obtained 
in basic  medium.  The microorganism  was repeatediy separated from bacteria 
by the pipette method, but when pure it did not grow in basic medium nor in 
many other media.  When a contaminated culture was diluted and streaked on 
basic medium agar, the protozoan multiplied but did not colonize separately.  Its 
individuals remained localized within and around bacterial colonies upon which 
they appeared dependent. 
t Accepted for publication by the Journal of Parasitology. R. W. GLASER AND N. A. CORIA  799 
The L~ilia flagellate was subjected to only one washing.  Table VI shows that 
protozoa free from bacteria appeared at the surface of the water column within 20 
minutes.  Within 20 to 35 minutes sterile  protozoa were introduced into basic 
medium, but no growth was obtained.  Washings consuming from 40 to 60 minutes 
yielded contaminated protozoa cultures, because bacteria also reached the surface. 
It proved possible to grow the flagellate in association with but one bacterium, 
namely,  a  Gram-negative  coccus.  Thus a  "pure mixed culture" was obtained. 
When heavy agar growth suspensions of the bacterium, killed by heating at 60°C. 
for 30 minutes,  were added to the basic medium containing some purified flagel- 
lates, cultures did not develop, a fact which led us erroneously to suppose that the 
flagellate will not grow in the absence of living bacteria. 
It was thought that perhaps if a greater number of purified protozoa were ob- 
tained to begin with, those that died first might furnish  the necessary factors for 
TABLE  VII 
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the growth of more vigorous individuals.  For the purpose the "V" shaped tube, 
already descried and figured (Fig. 2), was employed.  The inoculated  "V" tube, 
filled with semisolid medium,  was permitted to stand at room temperature for 
from 12 to 15 hours.  At the end of this time samples  from the surface  in the 
large arm were taken and frequently yielded 25 or more uncontaminated protozoa 
in each 0.1 cc. of medium.  In other words, the protozoa reached the surface in the 
large arm before the bacteria did.  The flagellate, however, at first refused to grow 
after the purification, although various media were tried, with the addition of heat- 
killed bacteria or yeast and autolyzed yeast.  Bacterial filtrates added to the cul- 
ture media did not exert any stimulating effect.  Control tubes,  to which living 
bacteria or yeast cells were added, produced luxuriant growths of the flagellate. 
The writers had previously found that the purified protozoan would not develop 
on autoclaved potato.  However, as a matter of routine, some tubes of raw potato 
under tap water, described in the section on media, yielded a good pure culture of 
the flagellate in 5 days.  This experiment  was repeated,  and Table VII gives the 
results  obtained by inoculating  5 tubes of raw potato water medium with the 
flagellate migrants from the surface of the large arm of a "V" tube. 800  PURE  CULTURE  OF  PROTOZOA 
Cultures  obtained  in  this  manner  were  never  luxuriant  as  under 
conditions  of  contamination.  The  pure  growth  was  very  delicate. 
To  date  the  organism  has  been  under  cultivation  approximately  5 
months.  In the raw potato water the flagellate grew at both incubator 
and room temperatures  (30-35  ° and 22-28°C. respectively). 
S piritlum undulans 
This widespread  microorganism  was  obtained  from  some  stream 
water  sediment.  It  will be included here,  since  it  was  purified  by 
the technical methods described. 
The Splrillum as obtained was mixed with protozoa.  A pipette was filled with 
8 cc. of sterile  tap water,  and 2 cc. of the stream water with the sediment  was 
placed below.  The tube was permitted to stand all night, during which time the 
protozoa migrated to the surface, whereas the Spirilla remained at the bottom of 
the pipette.  The end of the pipette was now cut off and the sediment inoculated 
into some chocolated  horse  blood.  Within 5 days at room temperature heavy 
growths of Spirilla and other bacteria were obtained. 
The Spiritlum was purified as follows:  A platinum loopful of the scum from the 
surface  of the chocolated  blood cultures was placed on the surface of sterile  tap 
water in the large arm of a "V" shaped tube.  This was done without shaking the 
tube which was permitted to stand for 1 hour at room temperature, when 0.5 cc. 
amounts from the surface of the small arm were withdrawn,  and chocolated horse 
blood medium inoculated.  At the end of 11 to 14 days, at room temperature, 
pure growths of the Spirilla appeared.  These pure growths, however, were not as 
luxuriant  as the contami=ated cultures. 
A contradiction seems to be involved in this work with the Spirillum.  During 
its separation from protozoa, the microorganism was after the first 16 hours found 
at the bottom; but it migrated to the surface of the small arm of the "V" tube (1 
hour)  during the later purification.  The results  mean merely that reversals of 
tropic reactions occur. 
Basic. medium,  to which sterile  rabbit kidney was added,  furnished a  better 
medium for the purified Spirilla.  Mter 48 hours, a delicate haze was observed in 
this medium, beginning at the tissue and extending almost to the top of the liquid. 
Mter a few days a rather dense disk was formed at the surface.  The Spirillum 
withstood incubation (30-35°C.),  but lived longer at room (22-28°C.)  tempera- 
tures; and it survived longer when the medium was covered with a layer of sterile 
parafifin oil.  The pure  microorganism  also  grew  well in  Noguchi's Leptospira 
medium  or in plain hay infusion,  provided sterile  kidney was added.  Indeed, 
sterile tap water with rabbit or guinea pig kidney answered very well.  A growth 
was not obtained in standard laboratory media. R.  W. GLASER AND N. A. CORIA  801 
Paramecium caudatum 
This  ciliate,  which ingests  bacteria  and yeasts freely, was readily 
obtained free from other forms, but up to the present has not repro- 
duced itself  in  the  abseflce of living microorganisms.  The findings 
constitute a  verification of the experiments of Hargitt and Fray (13), 
Phillips  (14),  and  Parpart  (11).  The  best  purification  possible  by 
the  present writers was obtained by associating Paramecium with  a 
bacterium or with a  yeast, Saccharomyces  cer~isiae. 
The procedure used for obtaining vigorous "mixed pure cultures" of Paramecium 
follows: The contaminated ciliate was inoculated into the basic medium to which 
some pure living yeast cells had been added.  The yeast stimulated the protozoa, 
and within 5 to 6 days a luxuriant culture of Paramecium was obtained.  The cnl- 
TABLE VIII 
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+ + +  good growth; + + + +  luxuriant growth. 
ture was then centrifuged  for about 2 minutes at low speed and the upper liquid 
discarded  quickly, before the Paramecia rose to the surface.  The sediment  was 
washed and centrifuged four times with sterile tap water.  As much water as pos- 
sible was removed from the last washing.  The final sediment consisted mainly of 
Paramecia and yeast cells. 
About 10 to 15 cc. of sterile tap water was now drawn up into one of the long 
pipettes,  followed by approximately 0.25 co. of the sediment.  The pipette was 
permitted to stand at room temperature for about 18 to 24 hours, at the end of which 
time nearly all of the Paramecia migrated to the surface of the water and evacuated 
the remains of most of the ingested microorganisms.  The surface migrants were 
washed a second time.  The pipette was carefully observed with a hand lens, and 
it was seen that many of the ciliates ascended in about 20 to 30 minutes.  At this 
time 0.1  cc. amounts from the surface  of the water  column yielded  about  12 
Paramecia.  Basic and other media were inoculated with 0.1 cc. amounts of the 802  PURE  CULTWRE  OF  PROTOZOA 
fluid.  On incubation such media were found entirely free from contaminating 
microorganisms. 
If the media containing Paramecium were inoculated with a pure yeast culture, 
a growth of the ciliate was obtained in some of the tubes in from 8 to 10 days at 
room temperature.  These cultures became sturdy in from 14 to 15 days, as shown 
in Table VIII. 
After the  cultures with  yeast had been initiated,  reinoculations of aliquot 
amounts into basic medium containing living yeast yielded growth more rapidiy, 
as shown in Table IX. 
The experiment was performed of adding I cc. of a heavy suspension of yeast 
cells killed by heat (60°C., 1 hour) to five tubes of basic medium inoculated with 
purified Paramecia.  No growth of the ciliate resulted, whereas in the control tube 
containing living yeast it took place as usual 
In another experiment, autolyzed  yeast was added to five tubes of basic medium 
TABLE  IX 
Time in days when growth appeared, with degree of growth 
Culture No. 


























inoculated with purified Paramecia.  The yeast cells had been autolyzed  by agitat- 
ing them in chloroform  for 15 days until a gummy mass was obtained.  The chloro- 
form was then evaporated and the autolyzed yeast suspended in basic medium. 
No growth took place in the tubes of medium thus prepared, whereas in the control 
containing living yeast it occurred as usual. 
From  the foregoing experiments it  appears that Paramecium cau- 
datum requires living microorganisms.  It is possible though that the 
required accessory food factors have merely not yet been found. 
When Paramecia were grown in the presence of yeast cells the media 
remained  dear.  The  yeast  largely  adhered  to  the  glass,  but  the 
protozoa were active everywhere in the tubes.  The colonies of yeasts 
on  the  glass  attracted  large  numbers  of Paramecia,  which  ate  out 
holes  within  the  colonies,  and  finally  devoured  them  completely. 
Mangle beet water proved an excellent medium for Paramecia, prob- 
ably because it supports a luxuriant yeast growth. 803 
2  3 
Euglena proxima 
This flagellate was found after inoculating some hay infusion with 
stream  water.  Professor  Gary  N.  Calkins  informed  us  that  it  cor- 
responds more  nearly to Euglena proxima of Dangeard  than  to  any 
other,  and  he  regarded  it  as  a  variety  of  this  species.  It  does  not 
ingest  bacteria. 
TABLE  X 
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The writers were unable to free Euglena  from bacteria by any method involving 
migration or plating, so a  technique of chemical sterilization was devised.  It 
proved very efficient, especially when used on vigorous cultures 48 hours or more 
old which contained round or encysted stages. 
A standard platinum loop was charged 5 times with  a  contaminated Euglena 
culture, and each charge was deposited in 5 separate places on a glass slide.  A 
charge of the same loop filled  with a 10 per cent potassium dichromate solution was 
then deposited in the first drop of the contaminated Eugl~a culture and stirred. 804  PURE  CULTURE  OF  PROTOZOA 
This theoretically reduced the potassium dichromate to 5 per cent.  A charge of 
this mixture was carried over with the loop to the second drop of the culture.  This 
was again stirred, reducing the dichromate to 2.5 per cent.  The procedure was 
repeated  until the fifth drop gave a dichromate concentration  of approximately  0.31 
per cent.  The culture was now exposed to the dichromate concentrations for 
varying  lengths of time in a moist chamber.  After each exposure a loop from each 
of the 5 drops was inoculated into tubes of sterile hay infusion and incubated at 
room temperature. 
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Tables X  and XI give the results of two experiments in which  contaminated 
Euglena cultures were exposed for four time intervals to five concentrations of po- 
tassium dichromate.  Three pure Eugtena cultures were obtained within 5 to 6 
days after exposure of from 15 to 30 minutes to 1.25 to 2.50 per cent concentrations 
of the dichromate. 
When Euglena proxima was grown in the pure state in the presence 
of light it produced chlorophyl in  greater abundance than  was  the 
case  with  contaminated  cultures.  It  grew  best  in  basic  medium, 
potato water, and in diluted standard bouillon (1/5),  but grew well 
also in hay infusion, and on the  surface of basic and standard agar 1~.  w.  GI~SY.lZ AND N.  A.  CORIA  805 
which showed after 2 to 3 weeks green  colonies of 1 mm. diameter. 
Although Euglena  colonized in solid media, it could not be purified 
by  taking  advantage  of  this  fact.  The  flagellate  grew  poorly  in 
standard bouillon, carrot water, and on ordinary hay infusion agar. 
The microorganism grew throughout basic agar stabs and shakes, and 
in modified Noguchi's semisolid medium, behaving like a facultative 
anaerobe.  In litmus milk a  soft coagulum was formed without the 
production of acid.  Gelatin was not liquified, although a good growth 
occurred.  In media which contained sugars and starches, no gas was 
produced, and dextrose, the only carbohydrate fermented, gave a final 
pH  reading of  6.2.  Incubator  temperatures inhibited  the  growth 
of Euglena. 
SUMMARY 
Some media are described which inhibit bacterial growth, but are 
favorable to protozoan development. 
A  purification technique, which takes advantage of geotropic re- 
sponses, was devised and used successfully with 7 species of protozoa, 
including flagellates and ciliates.  The method was also used with a 
Spirillum.  For  one flagellate  which could not  be  purified in  this 
manner, a  procedure involving chemical sterilization  was employed. 
Paramecium caudatum was purified, but failed to develop subsequently 
in the absence of living microorganisms.  Four of the protozoa which 
were purified ingest other microorganisms normally. 
The work shows that purified protozoa grow well under proper con- 
ditions,  and  then  they can  be  studied culturally  and  biologically, 
like  bacteria. 
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FIG. 2. 
EXPLANATION OF PLATE 13 
"Set up" used in migration experiments  with liquid medium. 
"V" tube used in migration experiments  with semisolid medium. THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL.  51  PLATE 13 
(Glaser and Coria: Pure culture of protozoa) 